Adaptation under fasting conditions is critical for survival in animals. Sirtuin 1 (SIRT1), a protein deacetylase, plays an essential role in adaptive metabolic and endocrine responses under fasting conditions by modifying the acetylation status of various proteins. Fasting induces growth hormone (GH) resistance in the liver, leading to decreased serum insulin-like growth factor-I (IGF-I) levels as an endocrine adaptation for malnutrition; however, the underlying mechanisms of this action remain to be fully elucidated. Here we report that in vivo knockdown of SIRT1 in the liver restored the fasting-induced decrease in serum IGF-I levels and enhanced the GH-dependent increase in IGF-I levels, indicating that SIRT1 negatively regulates GH-dependent IGF-I production in the liver. In vitro analysis using hepatocytes demonstrated that SIRT1 suppresses GH-dependent IGF-I expression, accompanied by decreased tyrosine phosphorylation on signal transducer and activator of transcription (STAT) 5. GST pull-down assays revealed that SIRT1 interacts directly with STAT5. When the lysine residues adjacent to the SH2 domain of STAT5 were mutated, STAT5 acetylation decreased concomitant with a decrease in its transcriptional activity. Knockdown of SIRT1 enhanced the acetylation and GH-induced tyrosine phosphorylation of STAT5, as well as the GH-induced interaction of the GH receptor with STAT5. These data indicate that SIRT1 negatively regulates GH-induced STAT5 phosphorylation and IGF-I production via deacetylation of STAT5 in the liver. In addition, our findings explain the underlying mechanisms of GH resistance under fasting conditions, which is a known element of endocrine adaptation during fasting.
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A daptation under fasting conditions is critical for survival in animals and involves various metabolic and endocrine changes (1) . In particular, the endocrine system plays an essential role in this physiological adaptation (2) . Various endocrine changes generally direct energy utilization toward survival functions and away from growth and reproduction. A representative endocrine adaptation occurs in the growth hormone (GH)-insulin-like growth factor-I (IGF-I) axis. Starvation and malnutrition lower circulating IGF-I levels despite elevated GH secretion, indicating the presence of GH resistance (3). Indeed, GH administration in fasted rats fails to increase the concentrations of circulating IGF-I (4). Exogenous GH given to GHdeficient fasted human subjects causes only a twofold increase in serum IGF-I concentrations, compared with a 10-fold increase in normally fed subjects (5) .
GH binds to the GH receptor (GHR) and causes GHR to activate Janus kinase 2 (JAK2). JAK2 then phosphorylates GHR and recruits signal transducer and activator of transcription (STAT) 5 through an interaction between the STAT5 SH2 domain and the phosphorylated tyrosine (Tyr) in GHR (6) . As a result, JAK2 is able to phosphorylate STAT5, leading to its dimerization and translocation to the nucleus, where it binds to the regulatory elements of target genes, including IGF-I (7). The reduction in serum IGF-I level is caused mainly by a decreased IGF-I mRNA level in the liver, where most circulating IGF-I is produced (8, 9) .
Previous results may explain the development of GH resistance in the liver under fasting conditions. Insulin regulates GHR expression in the liver, and a low insulin concentration in the portal vein during fasting is associated with decreased expression of GHR in hepatocytes (10, 11) . In another study, fibroblast growth factor 21 (FGF-21), a hormone induced by fasting, was found to cause GH resistance by decreasing the active form of STAT5, resulting in decreased growth to conserve energy during starvation (12) . These data suggest that GH resistance under fasting is caused by several mechanisms; however, whether these mechanisms can fully explain the GH resistance status, especially in a physiological setting, remains to be seen.
Sirtuin 1 (SIRT1) is a class III histone deacetylase of the sirtuin family that is uniquely dependent on NAD for catalysis. The abundance and activity of this nutrient-sensing deacetylase increase with caloric restriction (CR) to help preserve euglycemia and promote efficient energy utilization (13) . For example, although SIRT1 deacetylates transducer of regulated CREB protein 2 (TORC2) and suppresses TORC2-mediated gluconeogenesis by its degradation (14) , it is thought to mainly increase gluconeogenesis mediated by the deacetylation and activation of peroxisome proliferator-activated receptor gamma coactivator 1 (PGC-1) (15) and forkhead box protein O1 (FOXO1) (16) . In addition, SIRT1 deacetylates STAT3, resulting in the stimulation of gluconeogenesis through the inhibition of STAT3 activity (17) .
In this study, we examined the involvement of SIRT1 in the regulation of GH-dependent IGF-I production in the liver, and explored the mechanisms underlying this involvement.
Results

SIRT1
Modulates IGF-I Production in the Liver Under Fasting Conditions.
To explore the involvement of SIRT1 in the regulation of IGF-I under fasting conditions, we knocked down the SIRT1 protein in mice using an antisense oligonucleotide in the liver (Fig. S1 A  and B) . Serum IGF-I levels decreased significantly after these mice were subjected to 48-h fasting,; however, knockdown of SIRT1 in the liver partially restored this decrease (Fig. 1A) . mRNA expression levels of IGF-I in the liver under fasting conditions were also restored by SIRT1 knockdown (Fig. 1B) . We also examined representative target genes of GH in the liver. The expression levels of igfbp3 and socs2 were up-regulated after SIRT1 knockdown (Fig. 1C) , suggesting that SIRT1 modulates GH action in the liver.
We then investigated the effect of SIRT1 knockdown on the induction of IGF-I by GH stimulation under fasting conditions using hypophysectomized mice, considered an appropriate model in which to observe the GH-induced increase in serum IGF-I levels in vivo (18) (Fig. S1 C-E) . In the control mice, serum IGF-I levels were increased after GH stimulation (Fig. 1D) , as described previously (18) . Intriguingly, knockdown of SIRT1 significantly enhanced the GH-induced elevation of serum IGF-I levels (Fig. 1D ). These data suggest that SIRT1 negatively regulates GH-induced IGF-I production in the liver.
SIRT1 Negatively Regulates GH-Induced IGF-I mRNA Production in Hepatocytes. To explore the involvement of SIRT1 in GHdependent IGF-I production in hepatocytes, we next examined the effects of activation or inhibition of SIRT1 on GH-induced IGF-I mRNA production in HepG2 cells (a human hepatocellular carcinoma cell line) and rat primary hepatocytes. Overexpression of WT SIRT1 suppressed GH-induced IGF-I mRNA production, whereas dominant-negative (DN) SIRT1 (H363Y, a catalytically inactive mutant) enhanced IGF-I mRNA production in HepG2 cells, indicating that SIRT1 negatively regulates GHdependent IGF-I production in HepG2 cells (Fig. 2A) .
We also investigated the role of endogenous SIRT1 in rat primary hepatocytes. Consistent with the foregoing results, knockdown of SIRT1 enhanced GH-induced IGF-I mRNA production in rat primary hepatocytes (Fig. 2B) . Treatment with SIRT1 stimulators (NAD and resveratrol) (Fig. S2A) or inhibitors (sirtinol and nicotinamide) (Fig. S2B ) in HepG2 cells and rat primary hepatocytes (Fig. S2C) , and knockdown of SIRT1 in HepG2 cells (Fig. S2D) , showed compatible results. These results clearly indicate that SIRT1 negatively regulates GH-induced IGF-I mRNA production in hepatocytes.
SIRT1 Negatively Regulates GH-Induced Tyr Phosphorylation on STAT5.
To clarify the underlying mechanisms of SIRT1 regulation, we (D) Knockdown of SIRT1 in the liver enhanced a GH-dependent increase in serum IGF-I levels in hypophysectomized mice under 48-h fasting. *P < 0.05; **P < 0.01. N.S., not significant. Fig. 2 . Involvement of SIRT1 in GH-induced IGF-I mRNA production and Tyr phosphorylation of STAT5. The effect of the changes in SIRT1 activity on GHdependent IGF-I mRNA production was evaluated in human hepatocellular carcinoma cell line HepG2 and primary rat hepatocytes. (A) Overexpression of WT SIRT1 or DN SIRT1 (H363Y mutant) in HepG2 cells. Cells were stimulated with GH (500 ng/mL) for 6 h. IGF-1 mRNA expression levels were measured using quantitative real-time PCR and normalized to those of β-actin. Data are mean ± SEM of six samples per group, expressed relative to the control group. *P < 0.05; **P < 0.01. (B) Knockdown of SIRT1 by siRNA in primary rat hepatocytes. Cells were stimulated with GH (500 ng/mL) for 24 h. (C-I) GHstimulated Tyr phosphorylation of STAT5 was analyzed by immunoblotting. HepG2 cells and primary rat hepatocytes were stimulated with GH for 15 min, after which the lysate was subjected to immunoblot analysis. (C and D) Pretreatment of SIRT1 activator (10 mM NAD for 30 min) and overexpression of DN SIRT1 in GHR-expressed HepG2 cells. (E and F) Pretreatment of NAD or SIRT1 inhibitor with 10 mM nicotinamide for 6 h. (G-I) Knockdown of SIRT1 by siRNA in primary rat hepatocytes. Phospho-STAT5 signals were normalized to total STAT5. Data are mean ± SEM. n = 4 per group. *P < 0.05; **P < 0.01 versus the control group at the same time point. N.S., not significant.
analyzed GH-induced Tyr phosphorylation on STAT5 in hepatocytes. Exogenous NAD treatment has been shown to activate SIRT1 by increasing the intracellular NAD/NADH ratio in vitro (19) . We found that treatment with NAD inhibited GH-dependent STAT5 phosphorylation in HepG2 cells ( Fig. 2 C and D) . Importantly, overexpression of dominant negative SIRT1 restored this decrease in STAT5 phosphorylation, indicating that the effect of NAD treatment depends on the endogenous SIRT1 activity.
Whereas treatment with NAD inhibited GH-dependent STAT5 phosphorylation, treatment with the SIRT1 inhibitors nicotinamide ( Fig. 2 E and F) and sirtinol ( Fig. S3 A and B) enhanced STAT5 phosphorylation in rat primary hepatocytes in a dosedependent manner. Treatment with resveratrol suppressed GHdependent STAT5 phosphorylation (Fig. S3C) , overexpression of DN SIRT1 enhanced it, and WT SIRT1 inhibited it (Fig.  S3D ). In addition, knockdown of SIRT1 in rat primary hepatocytes ( Fig. 2 G and H) led to significant enhancement in GHinduced Tyr phosphorylation on STAT5 (Fig. 2 H and I) . These results indicate that SIRT1 negatively regulates GH-induced Tyr phosphorylation on STAT5.
Fasting-Induced GH Resistance Is Restored by Nicotinamide Treatment.
We next investigated whether GH resistance under fasting conditions could be restored by treatment with nicotinamide, a SIRT1 inhibitor, in vivo. The protein level and activity of SIRT1 protein reportedly increase under fasting conditions in the liver (15, 20) . In our mice under fasting conditions, SIRT1 protein levels were increased (Fig. 3 A and B) and the association between SIRT1 and STAT5 was enhanced (Fig. 3A) . Simultaneously, acetylation of lysine (Lys) on STAT5 decreased (Fig. 3  A and C) , and GH-induced Tyr phosphorylation was inhibited ( Fig. 3 A and D) compared with mice under fed conditions. However, when the SIRT1 inhibitor nicotinamide was administered to mice under fasting conditions, although the interaction Knockdown of SIRT1 in hypophysectomized mice markedly enhanced the blunted response of Tyr phosphorylation in STAT5 by GH under fasting conditions (Q). After 48-h fasting, GH (3 mg/kg, i.p.) was administered for 15 min, after which the mice were killed and liver protein was extracted and analyzed by immunoblotting (Fig. S1 A and B) . Quantitative analysis was performed by scanning densitometry. Data are mean ± SEM. n = 4 per group. *P < 0.05; **P < 0.01; ***P < 0.005. N.S., not significant.
between SIRT1 and STAT5 remained unchanged (Fig. 3A) , Lys acetylation of STAT5 was restored to the levels measured under fed conditions (Fig. 3 A and C) , and STAT5 Tyr phosphorylation in response to GH stimulation was restored as well ( Fig.  3 A and D) . In contrast to STAT5, fasting did not affect Lys acetylation levels in GHR and JAK2 (Fig. S4) . Tyr phosphorylation levels of JAK2 ( Fig. 3 A and E) and ERK ( Fig. 3 A and F) were unchanged under fasting conditions and nicotinamide administration, suggesting that SIRT1 specifically affects the Lys acetylation and Tyr phosphorylation status of STAT5 in GHR signaling.
NAD Treatment Inhibits GH-Induced Interaction of GHR and STAT5, as well as Tyr Phosphorylation of STAT5, Under Fed Conditions. We next investigated the effect of NAD administration on the activation of SIRT1 in the liver under fed conditions in vivo. Although Tyr phosphorylation of GHR by GH stimulation was not affected by NAD treatment (Fig. 3 G and H) , Lys acetylation of STAT5 was significantly decreased (Fig. 3 G and I ), corresponding to a reduction in GH-induced Tyr phosphorylation on STAT5 (Fig. 3 G  and J) . Furthermore, the GH-induced interaction between GHR and STAT5 was significantly decreased by NAD treatment (Fig.  3 G and K ). These data demonstrate that treatment with NAD resembles the effect of fasting in terms of changes in GH signaling. These data also reveal that the Lys acetylation status of STAT5 and the interaction of GHR and STAT5 are closely associated with GH-induced Tyr phosphorylation on STAT5 in vivo. Because NAD treatment may activate not only SIRT1, but also other NAD-dependent enzymes, we further investigated the specificity of SIRT1 in vivo.
SIRT1 Negatively Regulates STAT5 Activation by GH in Vivo Under
Fasting Conditions. We examined the effects of SIRT1 knockdown on the activation of STAT5 in vivo (Fig. S1B) . Knockdown of SIRT1 increased the interaction between GHR and STAT5 ( Fig. 3 L and M) , concomitant with increased Lys acetylation on STAT5 ( Fig. 3 L and N) . In contrast, Lys acetylation on GHR and JAK2 was unchanged by knockdown of SIRT1 (Fig. 3 L, O, and P). Tyr phosphorylation on STAT5 normally induced by GH was not detected in hypophysectomized SIRT1 knockdown mice, demonstrating a blunted response to GH under fasting conditions, as described previously (21); however, GH-induced Tyr phosphorylation of STAT5 was markedly enhanced when SIRT1 was knocked down (Fig. 3Q ).
SIRT1 Interacts Directly with STAT5 and Deacetylates Lys Residues on
STAT5. To investigate the direct interaction of SIRT1 and STAT5, we performed GST pull-down assays in vitro. As shown in Fig. 4A , the GST-SIRT1 fusion protein and the in vitro-translated FLAG-STAT5B protein exhibited direct interaction. To determine the region in STAT5B responsible for binding SIRT1, we generated a set of 3 V5-tagged STAT5B deletion mutants (T1, T2, and T3) that were designed to test each domain in STAT5B (Fig. 4B) . Immunoprecipitation analysis showed that the N-terminal domain, coiled-coil domain, and DNA-binding domain of STAT5B were necessary for the interaction between STAT5B and SIRT1 (Fig. 4B) . We then explored whether SIRT1 deacetylates STAT5B in vitro. Although the overexpression of WT SIRT1 decreased the acetylation of Lys in STAT5B, overexpression of DN SIRT1 did not affect the level of acetylated Lys in STAT5B irrespective of the interaction of SIRT1 and STAT5B (Fig. 4C) , demonstrating that the deacetylation enzymatic activity of SIRT1 is not necessary for this interaction. These results indicate that SIRT1 deacetylates STAT5B by direct interaction.
GH-Dependent Tyr Phosphorylation Relies on the Acetylation of Lys
Residues Adjacent to the SH2 Domain of STAT5B. It was recently reported that activation of STAT3 requires the acetylation of its Lys residues (22) . Furthermore, prolactin-induced Tyr phosphorylation of STAT5 requires STAT5 acetylation. In particular, the acetylation of Lys residues (681K, 694K, 701K, and 705K) adjacent to Tyr-699 are important for STAT5 activation by prolactin (23) . To investigate the significance of the STAT5B Lys residues neighboring Y699 and the SH2 domain for the activation of STAT5B, we generated Lys mutants of STAT5B and analyzed their functional properties in vitro (Fig. 5A) . Interestingly, Lys acetylation in WT STAT5B increased in parallel with Tyr phosphorylation after GH treatment (Fig. 5B) . In contrast, the Lys mutants showed significantly decreased Lys acetylation compared with WT ( Fig. 5 B and C) . Furthermore, GH-induced Tyr phosphorylation in STAT5B was substantially impaired concomitant with the decrease in Lys acetylation (Fig. 5  B and C) . In particular, the K681R mutant displayed significantly reduced Tyr phosphorylation, suggesting that this Lys residue is critical for STAT5B activation by GH.
We further examined the effects of mutating these Lys residues on transcriptional activity using a STAT5B-responsive lactogenic hormone-responsive element (pLHRE) reporter gene. As expected, the Lys mutants of STAT5B showed impaired transcriptional activity that corresponded with the levels of Lys acetylation and Tyr phosphorylation (Fig. 5D) . These results clearly demonstrate that Lys acetylation is critical for the activation of STAT5B by GH stimulation.
Discussion
In this study, we have shown that SIRT1 negatively regulates GH-induced Tyr phosphorylation on STAT5 in hepatocytes in vitro and in the liver in vivo. In both cases, this inhibition resulted in reduced GH-induced IGF-I production, indicating the GH resistance status. GH resistance caused by malnutrition or fasting is considered an adaptive response that blunts growth and conserves energy for survival. Under fasting conditions, the reduced serum IGF-I level impairs growth and decreases insulin sensitivity, whereas elevated levels of GH mobilize free fatty acids from adipose tissue and play an important role in preventing hypoglycemia by inducing insulin resistance (24, 25) . Sirtuins have emerged as important sensors of energy status and modulators for adaptation in mammals (26) . In particular, SIRT1 is a regulator of gluconeogenesis and lipolysis during fasting. In the context of preventing hypoglycemia during fasting, it is reasonable that activated SIRT1 negatively regulates GH-dependent IGF-I production in the liver as an adaptive mechanism. Several animal models are available for analyzing the role of SIRT1 in the liver. Because SIRT1 activity is tightly regulated by energy intake and this regulation is a relatively acute survival response to malnutrition, we chose this model using knockdown rather than liver-specific KO mice, which is a chronic SIRT1-deficient model. Indeed, knockdown models have been used to demonstrate that SIRT1 is involved in the regulation of gluconeogenesis (17) and lipid metabolic response in the liver (27) . On the other hand, using liver-specific KO mice, Chen et al. (28) found that SIRT1 might not be functional in the liver on CR. Although the precise mechanism responsible for this discrepancy is unknown, it may be related to the difference in the condition of fasting or CR, or to some compensatory mechanisms for the chronic absence of SIRT1 in the liver.
A previous study suggested that inhibition of GH-induced IGF-I production during fasting is caused by decreased insulin concentration in the portal vein, which reduces GHR expression (29) and translocation (11) in the liver. We examined the effects of SIRT1 on GHR expression, but found no effect of SIRT1 level on GHR mRNA level (Fig. S5) . Another study reported that fasting induced a reduction in phosphorylated GHR level with no change in GHR protein level (21) , suggesting that GH resistance occurs as a result of the GHR status; however, in this study, SIRT1 had no effect on GHR protein levels and the phosphorylation of GHR by GH, but had a strong direct affect on STAT5 activity, suggesting that STAT5 is a primary regulatory target under fasting conditions. It was recently reported that FGF21, an adaptive hormone for starvation, inhibits STAT5 signaling and blunts growth, leading to GH resistance (12) . Given that FGF21 activates SIRT1 by increasing the NAD/ NADH ratio (30) , FGF21 also may inhibit STAT5 mediated by SIRT1 activation. Another report demonstrated that SIRT1 activators contribute to the suppression of T-cell proliferation by down-regulating STAT5A/B expression and suppressing pSTAT5A/B signaling in response to IL-2 (31) . Taken together, these data indicate that although GH signaling is modulated at various levels under fasting conditions, SIRT1 specifically regulates STAT5 activity, and this underlying mechanism plays an important role in the physiological adaptive response.
GST pull-down assays and experiments using WT and DN SIRT1 demonstrated that SIRT1 interacts directly with STAT5 and deacetylates its Lys residues. Our data also show that STAT5 acetylation is associated with a GH-induced interaction between STAT5 and GHR and is necessary for the transcriptional activity of STAT5. In contrast to STAT5, the activity of SIRT1 did not affect the acetylation or GH-induced Tyr phosphorylation of GHR and JAK2. These data suggest the following model of SIRT1 involvement in GH signaling. Under fasting conditions, activated SIRT1 interacts with and deacetylates STAT5. The deacetylized STAT5 has a reduced ability to interact with phosphorylated Tyr residues in GHR and thereby decrease its phosphorylation and effect on transcriptional activity (Fig. 5 E  and F) , indicating that SIRT1 negatively regulates the GHdependent recruitment of STAT5 to GHR through the deacetylation of STAT5. Lys mutant analysis of STAT5B has demonstrated that K681 is the most critical mutant for the acetylation and Tyr phosphorylation of STAT5B. This mutant resides in the hydrophilic region neighboring the SH2 domain that is essential for the interaction with GHR (23). Interestingly, STAT3, which stimulates gluconeogenesis in the liver, is known to be regulated by SIRT1 via the deacetylation of several critical Lys residues in STAT3 (17) . Together with our data, the Lys acetylation status of STAT proteins modulated by SIRT1 may integrate energy status and modulate hormone and cytokine signaling for this adaptation.
SIRT1 modifies the GH-IGF-I axis through various mechanisms. Brain-specific SIRT1 deletion in mice impairs GH secretion owing to alterations in hypothalamic function (32) , suggesting that SIRT1 in the hypothalamus regulates GH secretion. As our findings demonstrate, SIRT1 also regulates IGF-I production in the liver, thereby reducing the serum concentration of IGF-I. Moreover, IGF-binding protein-1 levels in the liver are significantly increased in SIRT1 KO mice, reducing the bioavailability of IGF-I (33). Given that both increased GH secretion and decreased serum IGF-I levels are necessary for adaptation under fasting conditions, SIRT1 in the brain and liver may cooperatively regulate the GH-IGF-I axis in these conditions. On the other hand, SIRT1 directly deacetylates and activates insulin receptor substrate (IRS)-2 in H4IIE cells (34) , and SIRT1 inhibition reduces IGF-I/IRS-2/Ras/ERK1/2 signaling in neurons (35) . These results suggest that SIRT1 positively regulates IGF-I action. Overall, it appears that SIRT1 modulates the action of IGF-I in a tissue-and context-dependent manner.
More interestingly, both the GH-IGF-I axis and SIRT1 are essentially involved in regulation of the lifespan. In rodents, SIRT1 is required for lifespan extension by CR (35) , whereas reduced GH/IGF-I signaling is associated with an extended lifespan in various species (36) . Although several mechanisms have been proposed to explain the role of SIRT1 in lifespan regulation, HEK293 cells were transfected with GHR cDNA, WT, or Lys mutants of STAT5B cDNAs and a pLHRE-luciferase reporter, followed by treatment with 500 ng/mL GH for 24 h before measurement of luciferase activity. Data are mean ± SEM. n = 4 per group. *P < 0.05; **P < 0.01; ***P < 0.005. N.S., not significant. (E and F ) The mechanisms through which SIRT1 regulates STAT5 activation by GH. (E) In the fed condition, the SH2 domain of STAT5 recognizes and binds to Tyr-phosphorylated GHR, causing JAK2 to phosphorylate and activate STAT5. (F) In the fasting condition, SIRT1 is activated and interacts with STAT5, thereby deacetylating Lys residues adjacent to the SH2 domain of STAT5. This results in an impaired ability to bind Tyr-phosphorylated GHR, which inhibits activation of STAT5.
the crosstalk between SIRT1 and the GH-IGF-I axis in the liver may contribute to the CR-mediated extension of the lifespan.
In conclusion, this study provides evidence that SIRT1 negatively regulates GH-induced IGF-I production via deacetylation of STAT5 in the liver, leading to GH resistance under fasting conditions. Furthermore, our results imply a pathway through which SIRT1 and GH/IGF-I signaling jointly regulate various metabolic processes in the adaptation to starvation and regulation of the lifespan.
Materials and Methods
Cell culture, primary hepatocyte isolation, and plasmid and siRNA transfection are described in SI Materials and Methods. SIRT1 knockdown in vivo was performed as described previously (17) . Protocols for antibodies, immunoprecipitation, immunoblot analysis, GST pull-down experiments, luciferase reporter gene assay, quantitative real-time PCR, measurement of serum IGF-I levels by ELISA, and animal experiments are described in SI Materials and Methods.
Statistical Analysis. All data are reported as mean ± SEM. Statistical analyses were performed using Student's t test for comparison of two groups and one-way ANOVA with Scheffé's F test for multiple group comparisons. A P value < 0.05 was considered statistically significant. Representative results from at least three independent experiments are shown unless stated otherwise.
